Abstract. Nawangsih EN, Paryati SPY, Effendy JS, Sudigdoadi S, Sahiratmadja E, Hilmi D, Sovia E. 2017 . A potential strategy for the production of safe protective vaccines for human papillomavirus (HPV) infection is to utilize antiids. Meanwhile, hyperimmunized hens could provide a convenient of specific immunoglobulin in their yolks (IgY). This study aimed to isolate IgY specific to anti-idiotype HPV 16 L2 from egg yolk which could be used for future alternative immunogen for HPV vaccine. Antibody anti-idiotype derived from chicken egg yolk that chickens immunized by HPV 16 L2 antibody. The antibodies were purified from immunized chicken egg yolk, then electrophoresis it using SDS-PAGE method to determine the molecular weight of IgY. To determine an amount of protein, we used fluorometer method and to confirm an existence of specific IgY using ELISA method. The results showed that the IgY preparation dissociated into three protein major bands with molecular weights of 180; 65; and 25 kD. The IgY and IgY specific concentration in eggs yolk increased until 8th week. After 8th week the levels decreased gradually. Samples derived from chickens immunized showed significantly higher concentrations of IgY and IgY specifics than control (p<0.05). These results suggested that chicken IgY could be a practical strategy in large-scale production of specific antibody anti-idiotype HPV 16 L2 for HPV Vaccine.
INTRODUCTION
Cervical cancer, the most common cancer affecting women in developing countries, is caused by persistent infection with "high-risk" genotypes of human papillomaviruses (HPV) (Castellsagué 2008) . Two viruslike particles HPV VLP (virus-like-particle) vaccines aimed to prevent infection by high-risk HPV types are currently available: bivalent and quadrivalent vaccine (Cho et al. 2011; Clutt et al. 2007 ). They were a recombinant vaccine. Another potential strategy for the production of safe protective vaccines for HPV infection is utilized antiids method. This approach arose from Jerne's idiotypic network theory (Ladjemi 2011) . The theory stated that antigenic epitope elicits an immune response, resulting in the production of Ab1 antibody. The ab1 antibody can, in turn, trigger an anti-idiotypic response consisting of distinct subsets of Ab2 antibodies: α, β, γ, and ε. The β subtype of anti-Id Abs express the internal image of the Ag recognized by the Ab1 Ab and can, therefore, be used as Ag surrogates (Jerne 1974) . The ab2β have successfully induced antipathogen and anti-tumor B-cell and T-cell response in several different species (Ladjemi 2012) . The existing vaccines that made of capsid HPV major (L1) can induce high-titer antibody but type-restricted neutralizing antibodies. Meanwhile, L2 of genital HPV types contain broadly cross-neutralizing epitopes but low immunogenicity (Karanaam et al. 2009 ). To enhance immunogenicity IgY in eggs yolk was used as a carrier. The laying hens are an excellent source for the large-scale antibody production. Moreover, the phylogenetic distance of chicken from mammals caused it can produce high-titer antibodies against conserved mammalian antigens compared to other experimental animals commonly used (da Silva 2010) .
This study aimed to produce IgY specific to antiidiotype HPV 16 L2 from egg yolk which could be used for future alternative immunogen for HPV vaccine.
MATERIALS AND METHODS

Materials
The study used two specific pathogenic free white leghorn hens from Bio Farma as eggs source, one hen injected by antibody HPV 16 L2 (Gmab #2 from Santa Cruz) and another hen injected with physiological NaCl. Freund's adjuvant from Sigma-Aldrich used to increase immunogenicity and for purification using solution A and solution B diagnostic kit from Promega (2004) . Fluorometer reagent from Invitrogen used to measure IgY levels and to measure IgY specific using KPL reagent.
Methods
Hen immunization
Immunization procedure based on Thermo Fisher Scientific Inc (2012) method. The hen was immunized subcutaneously with antibody HPV 16 L2 to generate IgY of anti-idiotype HPV 16 L2 in eggs yolk. Booster injections performed at week 0, 2, 4 and 5 to raise the antibody antiidiotype levels in eggs yolk (0.2 mg/dose/animal). For the first injection, the antibody was emulsified in the complete Freund's adjuvant and for three subsequent boosters in the incomplete adjuvant. Eggs were collected daily beginning before and after the fourth immunizations and stored at 4 o C to be immediately purified with a diagnostic kit.
Egg Yolk preparation
Allow eggs to warm at room temperature before starting the preparation. Break the shell carefully and drain most ofalbumen. Transfer the yolk into a petri dish and remove the residual albumen with a pipette and with tissue or use the Egg Separator (Promega) . Do not break the yolk sack. When the yolk was clean, puncture the yolk sack with a pipette tip and lets the yolk fluid drip into a tared 100 mL beaker glass. Hold back the yolk sack with the pipette tip. Determine the weight of the yolk to get the volume (1g = 1 mL). A yolk of an average egg was 10-15g.
Precipitation of egg by diagnostic kit
The antibodies were purified from immunized chicken eggs yolk by A and B solution diagnostic kit from Promega according to the established manual procedures from the manufacturer. The antibodies were purified from immunized chicken eggs yolk by diagnostic kit from Promega. Place the beaker with the yolk on a magnetic stirrer and mix for 1-2min to get a homogenous suspension. Added three volumes of precipitation A Solution (30 mL per 10 mL yolk) slowly and continue stirring for 5 min at room temperature (RT). Transfer to 50 mL centrifuge tubes and spin 10min 10000g/11500rpm at 4°C. Filter the supernatant through a 0.45μm filter into a tared 100 mL glass beaker and determine the weight to get the volume (1g = 1 mL). Discard the pellet. Added a stir bar and place on a magnetic stirrer. Added 1/3 volume Solution B precipitation (10 mL per 30 mL) filtered supernatant and continued stirring for 5 min at RT. Transfer to 50 mL centrifuge tubes and spin 10 min 10000g/11500rpm at 4°C. Discard the supernatant and dissolve the IgY pellet in 12 mL TBS by stirring on a magnetic stirrer with a small stir bar at RT. At this point, the protein concentration will be 10 mg/mL and IgY will be ca. 75% pure. This preparation of IgY was suitable for most applications and could be stored at -20°C or -75°C. For further purifications of IgY, place the centrifuge tube containing the redissolved IgY from the first precipitation with Solution B on a magnetic stirrer. Add 1/3 volume B solution precipitation slowly (4 mL per 12 mL redissolved pellet) and continue stirring for 5min at RT. Spin for 10min at 10000g/11500rpm 4°C. Discard the supernatant and dissolve the IgY pellet in 3 mL TBS by stirring on a magnetic stirrer with a small stir bar at RT. Filter the purified IgY through a 0.2μm filter.
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
Sodium dodecyl sulfate-PAGE was done under denaturing conditions using Mini-PROTEAN II Cell (BioRad 2014) according to the instruction of the manufacturer. The purity of various IgY preparations was estimated using 10% SDSPAGE, and Coomassie brilliant blue R-250 (BioRad) was used to visualize the protein bands. Broad-range SDS-PAGE molecular weight standards of 15 to 225 kDa (BioRad) were used as markers.
Fluorometer
By using fluorometric detectors, sample concentrations can be measured without the interference of contaminants by only emitting fluorescence when bound to the specific target molecules. Qubit fluorometer used because the Qubit 
Enzyme-linked immunosorbent assay (ELISA)
The titer of IgY against HPV 16 L2 virus was measured by an indirect noncompetitive enzyme-linked immunosorbent assay (ELISA) according to previously methods with modifications (Fischer and Hlinak 1996) . First, microtiter plates were coated with the catching antibody. Monoclonal antibody HPV 16 L2 (G mab#2 Santacruz) was diluted 1: 800 in coating buffer and 50 µI per well was added. The plates were incubated for 2 hours at room temperature and after that overnight at 4°C. The plates were washed three times with washing buffer (8,0 g NaCl; 0,2 g KH2P04; 2,9 g Na2HP04 x 12 H20; 0,2 g KCL; 0,5 mL Tween20; add 1000,0 mL Aquadest., pH 7,4). All further washing steps were carried out with this buffer. Then plate were added blocking solution from KPL. The plates were washed three times with washing buffer.Samples containing the IgY were added in well following 4-hour incubation at 37°C, the plates were washed three times, and 50 µI per well POD-labeled antichicken IgY (Abcam)were added. Plates were incubated for 3 hours at 37°C. After this time the plates were washed and 50 µL of substrate chromogen solution were pipetted into each well. The reaction was stopped solution (50 ul/well) after 15 min. The absorption was measured at 450 nm using ELISA reader. The reproducibility of the experiment was ascertained by including a blank control (PBS) and a negative control (IgY derived from hen immunized by NaCl) in each plate. Positive results are determined based on three times the value of the negative control. The substance concentration contained in the sample is expressed by optical density. Measuring the optical density (OD) is a common method to quantify the concentration of substances (Beer-Lambert law), since the absorbance is proportional to the concentration of the absorbing substances in the sample (David W, 2001 ).
Data analysis
All the values will be expressed as the mean±standard error mean and analyzed by unpaired Student's T test. The level of statistical significance will be set at p<0.05
RESULTS AND DISCUSSION
Nowadays, the anti-idiotypic vaccine approach has been successfully used for various aspects of vaccinology, especially for tumor immunotherapy (Thomas 2012) . Recently, immunoglobulins obtained from avian eggs yolk were preferred to offer new fields of IgY application, particularly for therapeutic and/or prophylactic use in human and veterinary medicine. The use of chickens for the production of polyclonal antibodies provide several advantages over the traditional method of producing antibodies in mammals (Schade et al. 2005) . Chicken eggs yolk as a source for antibody production represents a reduction in animal use since chickens produce larger amounts of antibodies than laboratory mammals. It also possible to eliminate the collection of blood, which is painful for the animal. The European Centre for the Validation of Alternative Methods (ECVAM) recommends that yolk antibodies should be used instead of mammalian antibodies for animal welfare reasons (Schade et al. 1996) .
There were several methods for purifying IgY based on the strategy of separation of proteins from lipoproteins and the rest of the yolk lipids. Purification methods based on organic solvents like chloroform remain in use. Other methods are based on affinity chromatography or on dilution of the yolk followed by a freezing-thawing process. Ion exchange is also often used for purification and is usually combined with the number of salts precipitation method e.g. polyethylene glycol (PEG), dextran sulfate, dextran blue, sodium sulfate, ammonium sulfate, caprylic acid or sodium citrate (Akita and Nakai 1992) . Method selection was defended on the yield and purity desired, final use of the IgY as well as material cost and labor skills (Carlender 2002) . In this study, diagnostic kits from Promega for purifying the harvested yolk were used, it contains 3,5% and 12% PEG .The purity level was 70-90%. The Polyethylene glycol (PEG) that used in this process have low toxicity and widely used in pharmaceutical production. PEG is an excellent method to precipitate a specific protein from a complex mixture proteins (Goldring and Coetzer 2003) . In the current study, PEG precipitation technique was found to be simple, easy and economical (Polson 1990 ) for purification of Immunoglobulins. PEG has multiple hydroxyl groups, which become highly reactive in an aqueous phase. In the aqueous phase, PEG acts as an anion nucleophile and can attract positively charged substances, thereby this electrostatic produces changes in water. Therefore, in a PEG medium, the hydrophobic interaction of antibody molecules are considerably enhanced which separate them from the other proteins of the suspensions (Shafique 1996) .
The IgY concentration in eggs yolk determined by fluorometer method. By using fluorometric detectors, sample concentrations can be measured without the interference of contaminants by only emitting fluorescence when bound to the specific target molecules (Qubit 2010). The IgY concentration in eggs yolk increased during the immunization period and the titer began to rise dramatically in the 4 th week. Antibody levels increased until the 8 th week, after 8 th week the levels decreased gradually. The results were accordance with the recommendations of Thermo Fisher Scientific Inc protocol that the eggs collection was done at 4 th week and harvested at 8 th week. The maximum concentration reached at the 8 th week is 6,942 ± 0,041 mg/mL and the average of 12 nd week is 6,076 ± 0,935 mg/mL. The results were significantly different (p<0.05) compared with the control group which the levels were stable relatively with the average value in 12 weeks was 4,348 ± 0,167 mg/mL. The statistical test results showed a significant difference between the treatment group and negative control group (p<0,05).
Serum IgG antibodies of immunized chicken were transported and accumulated in the egg yolk efficiently (Bar-Joseph and Malkinson 1980) . Previous studies showed that isolation of IgY dengue results obtained 5,77 mg/mL (Sudjarwo et al. 2012) , Other studies that isolated antibody anti-idiotype rabies IgY obtained 9,40 mg/mL (Paryati and Soejoedono, 2006) . The concentration of isolated antibodies was varied. The variations of antibodies formation were influenced by several factors, including animal age, molecular antigen size, complexity of antigenic chemical structure, genetic constitution, the methods of antigen insertions and doses of antigen (Leeddell and Weeks 1995) . To confirm the existence of specific IgY against HPV, ELISA examination was performed. Specific antibody anti-idiotype HPV 16 L2 IgY were detected positive result at 4th week after immunization with Optical Density value 0,575 ± 0,106. It is based on the value of the cut-off 0,475 calculated from 3 times the average value of the negative control. Following reimmunization, the level of specific antibodies continued to increase at 8 th weeks after immunization and achieve maximum value with the value of OD 2,564 ± 0,168. After 8th week the levels decreased gradually to reach a level of 2,051 ± 0,014 (table 2). The decreasing of IgY levels in chicken eggs is a reflection of the loss of plasma cell populations that produce specific antibodies. Once fully differentiated, plasma cells die after three to six days and the resulting level of immunoglobulin would slowly decrease due to this process of catabolism (Tizard 2013) . Meanwhile, on chicken that is not injected antibody HPV 16 L2 (control) showed negative results consistently. The statistical test results showed a significant difference between the treatment group and negative control group (p<0,05). The pattern of increased levels of specific antibodies in accordance with elevated levels of IgY (Table 1) . IgY and specific IgY were successfully obtained by immunizing the hens with antibody HPV 16 L2 emulsified in Freund's adjuvant. The use of adjuvants to stimulate the immune system and to enhance the immune response is routine in antibody production. Most protein antigens, especially small polypeptides (<10 kDa) and non-protein antigens, usually need to be conjugated to a large immunogenic carrier molecule to become good immunogens. The administration of these antigens would need an adjuvant especially if it administered in small quantity, to assure a high quality/high quantity antibody response by the immunized animal (Mayo 2009 ). According to Schade et al. (2005) Freund's Incomplete Adjuvant (FIA) are the most common adjuvants used for parenteral immunization. These adjuvants are a mixture of mineral oil, surfactant, and heat-killed Mycobacterium tuberculosis or M. butyric (FCA) or without mycobacteria (FIA) (Freund et al. 1937) .The water-in-oil emulsion is prepared by mixing one volume of the adjuvant (FCA or FIA) to one volume aqueous antigen solution. In the emulsion, the antigen is distributed in oil droplets which disperse widely after injection in the body, hence increasing the potential for interaction with relevant cells. Antibody production was enhanced by Freund's adjuvant primarily because of the depot effect, a depot of antigen forms at the injection site resulting sustained release of small quantities of the antigen over a long period of time and non-specific immunopotentiation of macrophages by surfactants and the mycobacteria (Stills 2005) . FIA is frequently used to boost animals that received a primary antigen injection with FCA but it also can be used as an adjuvant for primary injection. It has adjuvant properties that favor humoral immunity without cell-mediated-immunity, although less potently than FCA. Our experiment used subcutaneous (s.c.) injection method. The most common route for antigen injection in hens is the intramuscular (i.m.) route, but the extensive study by Swarzkoft et al. (2000) showed that the s.c. injection method provokes higher titer than the intramuscular (i.m.) injection.
Positive results in the ELISA examination showed chicken's immune response to HPV 16 L2 antibody (Ab1). Antibodies that produced are anti-idiotype that are expected to have the same serological characteristics with the original antigen and can be used to replace antigens in immunization. The ability to mimic the structure of the original antigen (internal image) is the cornerstone of its use as a replacement antigen. As with antigens, antiidiotype antibodies have the ability to bind competitively with specific antibodies to the original antigen (Fields et al. 2002) .
SDS-PAGE electrophoresis performed to illustrate the presence of IgY in the sample based on their molecular weight. Samples at 8th week the highest titer is checked by electrophoresis. There were three major bands of 180, 65 and 25 kDa, and three minor bands of 100; 70 and 35 kDa. The electrophoresis pattern was in accordance with the standard IgY (figure 2). Narat (2003) stated that IgY had the molecular weight greater than IgG, which is about 180 kDa or greater. ). IgY is the major low molecular weight immunoglobulin in egg yolk (Michael 2010) . The general structure of the IgY molecule is the same as the IgG molecule with two heavy (H) chains and two light (L) chains. The molecular mass of the H chain in IgY is larger than the H chain from mammals. The greater molecular mass of IgY is due to an increased number of heavy-chain constant domains and carbohydrate chains (Alexander et al. 2009 ). IgG has 3 C regions (Cγ1-Cγ3), while IgY has 4 C regions (Cυ1-Cυ4) and the presence of one additional C region with its two corresponding carbohydrate chains (Charlender 2002) logically results in a greater molecular mass of IgY compared with IgG. SDS sample buffer containing betamercaptol divided disulfide bonds of IgY that lead to the separation of heavy chains and light chains. Davalos et al. (2000) stated that the IgY consists of 65-68 kDa for each H chain (heavy chain) and 25 kDa for each of the L chain (light chain). Meanwhile band of 70 and 100 kDa suspected the Fc and Fab fragment was not assembled into IgY yet. According to War et al. (1995) , IgY Fc fragment has a molecular weight of 76,542 kDa. Sun et al. (2001) also stated the molecular weight of IgY Fab fragment was 90,718 kDa. Another protein bands were suspected the contaminant proteins.
In conclusion, the result of this study indicate that immunization white leghorn hen with antibody HPV 16 L2 could be novel and promise strategy to produce specific antibody anti-idiotype HPV 16 IgY in large-scale with animal care and also could be source of low-cost antibody anti-idiotype for HPV vaccine as immunogen 
